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Introduction: A rare but important constituent of
presolar dust in primitive meteorites is corundum
(ALL,O;). Most of these grains are believed to originate
from red giant branch (RGB) and asymptotic giant
branch (AGB) stars as evidenced from O-isotopic sig-
natures and abundances of now extinct “°Al [1]. Mod-
els of RGB/AGB stars with initially solar O predict
lower than solar '®0/'°O and higher than solar '"0/'°0
in the envelope [2, 3], a result of the dredge-up of mat-
ter that experienced H burning. A detailed comparison
between the grain data and model predictions suggests
that parent stars with different initial compositions
(metallicities) must be considered [1, 4], i.e., the grains
carry not only the signature of stellar nucleosynthesis
but also that of the Galactic chemical evolution (GCE).

Other elements that clearly show imprints of stellar
nucleosynthesis and GCE in their isotopic patterns are
Si and Ti in presolar SiC [4]. Presolar Al,O; grains
generally have lower Ti concentrations than presolar
SiC from AGB stars, making precise isotopic meas-
urements more difficult. Consequently, only a few
presolar Al,O; grains have been previously studied for
Ti-isotopic compositions [5, 6] and only very limited
information on the GCE and nucleosynthesis of the Ti
isotopes can be inferred from the Al,O; data.

Here, we report new Ti-isotopic data for four preso-
lar ALO; grains, 1-4 um in size, from ordinary and
enstatite chondrites, measured with the NanoSIMS 50
ion microprobe at the Max-Planck-Institute for Chem-
istry. These data allow to put additional constraints on
the GCE of Ti isotopes and to test theoretical predic-
tions of Ti-isotopic compositions in AGB stars.

Experimental: The four Al,O; grains (T111, OC6,
0C9, Sah-602-4) had been previously studied for the
isotopic compositions of O [7-9] and Mg-Al (only
T111, OC9, and Sah-602-4 [unpublished data from
CIW and MPI Mainz]). Ti-isotopic compositions and
Ti concentrations were measured with the NanoSIMS
in a combined peak-jumping/multi-detection mode
using three different B-fields and five detectors. The
samples were bombarded with a rastered primary O
ion beam (1-10 pA) and positive secondary ion signals
of 7’Al, *’Ca, **Ti, *'Ti, **Ti, “Ti, *Ti, and *Cr were
recorded at a mass resolution of m/Am = 3000. “’Ca
and **Cr were included in the measurements in order to
correct for contributions of **Ca to **Ti and of *’Cr to

*OTi. Corrections for **Ti are <1%o for grains T111 and
Sah-602-4, and =10% for grains OC6 and OC9. Cor-
rections for *°Ti are a few percent for grains T111,
0C9, and Sah-602-4, and =45% for grain OC6.
Results: The ALO; grains of this study contain
around 1wt%o Ti. The Ti-isotopic patterns can be di-
vided into two types (Fig. 1): One type (Sah-602-4) has
close to solar “Ti/**Ti and sub-solar 46Ti/48Ti,
“ITi/*Ti, and Ti/*Ti ratios. The largest depletions
are seen in the abundances of **Ti and °Ti. The other
type (T111, OC6, OCY) has close to solar *“Ti/**Ti and
“"Ti/**Ti and enhanced *Ti and *°Ti abundances.
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Figure 1. Ti-isotopic ratios of four presolar Al,O; grains
given as permil deviation from the solar ratios. Errors are 1G.

Discussion: All Al,O; grains of this study belong to
the group | of presolar oxide grains [1] (Fig. 2). Based
on stellar models of [3], masses of 1.30-1.54 M and
metallicities z of 0.018-0.020 are inferred for the par-
ent stars. While grains T111 and OC9 show clear evi-
dence for extinct *°Al with *’Al/*’Al ratios of 0.002 and
0.009, respectively, no evidence for *°Al was found in
Sah-602-4 (26 upper limit on Al/’Al is 3x107°).
Since models predict that *°Al is dredged up into the
envelopes of AGB stars but not RGB stars [10], we
conclude that grains OC9 and T111 (and OC6 because
of compatible Ti-isotopic pattern and similar inferred
parent star mass and metallicity) formed most likely in
AGB stars and grain Sah-602-4 in a RGB star. Because
no modification of the initial Ti is expected in the en-
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velope of RGB stars, Ti in Sah-602-4 probably reflects
the initial Ti in the parent star. If, as recently argued by
[11], the GCE component in the isotopic signatures of
presolar grains is dominated by the mean evolution of a
rather well-mixed interstellar medium, the Ti-isotopic
composition of Sah-602-4 can be taken as representa-
tive for z = 0.018. This composition falls on the
§Ti/*Ti vs. §Ti/*Ti GCE trend inferred from SiC
data by [4]; 8¥Ti/*Ti and &°Ti/**Ti, however, lie
above the trends inferred by [4].
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Figure 2. O-isotopic ratios of presolar Al,O; grains. RGB
evolutionary paths (z = 0.016, 0.020; pink lines) are from
[2]. Blue circles: [1]. Green circles: [5, 6]. Errors are 16.

In AGB stars, Ti is affected by s-process nucleo-
synthesis [12] and Ti in grains from AGB stars is ex-
pected to show an imprint of this nucleosynthetic com-
ponent. In the 1.5 M AGB model of solar metallicity
of [12], ¥'Ti/*Ti remains almost unaffected, i.c., in
presolar Al,O; this ratio should be close to the initial
ratio. Based on the data from seven Al,O; grains [this
study, 5, 6], 8*'Ti/**Ti is positively correlated with the
inferred metallicity, with a change in 8*'Ti/**Ti of 23%o
for Az = 0.001 (Fig. 3). The nucleosynthetic compo-
nent in the envelope of the parent stars of grains OC6,
OC9, and T111 can be calculated by normalizing the
averaged Ti-isotopic pattern to that of Sah-602-4, tak-
ing into account the 5% higher average z of the T111,
0C6, and OC9 parent stars (the expected z-dependency
of 8**°°Ti/**Ti is roughly 1.5x that of §*Ti/**Ti, that of
8 Ti/**Ti roughly 1x that of 8*'Ti/**Ti [4, 13]). There
is very good agreement between the grain data and the
predictions from the solar metallicity 1.5 M AGB star
model of [12] at the time when the envelope C/O ratio
reaches unity and if the amount of "°C in the He inter-
shell is taken only as 1/3 (AGB model 1) of that in the
standard case (AGB model 2) (Fig. 4).
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Figure 3. 8*"Ti/**Ti as function of the inferred metallicity of
presolar Al,O5 grains. Green circles: [5, 6]. Errors are 1.
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Figure 4. Averaged Ti-isotopic ratios of 3 presolar Al,O;
grains given as permil deviation from the inferred initial
compositions of the parent stars. AGB star models from [12].
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